The sequential estimation (SE) 
I. INTRODUCTION
Recently, the direct-sequence spread-spectrum (DS/SS) technique has attracted attention for mobile communication applications since it offers many advantages including anti-interference, anti-eavesdropping, multiple access, and ranging [1] - [5] . To exploit these advantages in a DS/SS system, it is essential to synchronize a locally generated pseudo noise (PN) code with the received one. Therefore, rapid establishment of the code synchronization, or code acquisition, becomes one of the important technical issues in DS/SS systems [6] - [8] . The synchronization process is usually achieved in two steps; acquisition (coarse alignment) and tracking (fine alignment), of which the former is dealt with in this paper.
Although a number of techniques have been proposed for rapid code acquisition [9] , most of them have a very long acquisition time (serial scheme) or need a complex hardware (parallel scheme) [10] [11] for long period PN sequences which are essential in future mobile communication systems. The sequential estimation (SE) scheme proposed in [12] can resolve this problem for long period PN sequences, because it directly estimates much shorter seeds of the long period PN sequences with a simple hardware. The SE method, however, works well only at moderate signal-tonoise ratios (SNR's).
In this paper, we propose an improved SE scheme called the seed accumulating sequential estimation (SASE) method useful at low SNR also. This scheme is based on accumulating seeds of the received PN sequence once in a period. That is, the proposed SASE algorithm enhances the estimation of the initial state (the first r received bits) by accumulating the first r received bits in each PN sequence transmission. Because the fluctuated noise in each PN sequence transmission is independent, the accumulation would enhance the estimation of the initial state and give better acquisition performance.
The remainder of this paper is organized as follows. Section II describes the structure and operation of the proposed SASE system. In Section III, based on the SASE method for acquisition, a closed-form expression of the mean acquisition time is derived by the generating function flow graph technique, and the probabilities of correct chip, detection, and false alarm are obtained. Section IV presents performance comparison between the proposed SASE scheme and the conventional SE scheme. Finally, Section V gives our conclusions.
II. SYSTEM DESCRIPTION
The structure of the proposed SASE system is shown in Fig. 1 . Each input signal is a plus-minus binary signal corrupted by additive white Gaussian noise (AWGN) with onesided power spectral density ¥ § ¦
. The operation starts with first loading¨chip sequences (seeds of the PN sequence whose period © is ) of the input signal to the PN sequence generator. At this time, the switches are in position 's'. The loading operation is accomplished as follows: at the beginning, initial values (zeros) of the shift register of the seed accumulator are added to the incoming seeds. Then, the adder outputs are stored in the shift register of the seed accumulator and are passed through a hard limiter. At the next loading (which occurs after a period of PN sequence if the acquisition is not achieved), the values in the shift register of the seed accumulator (seeds in the immediate previous period) are added to the incoming seeds. Thus, the adder output is the accumulated value of seeds. Then the adder outputs are stored and passed through the hard limiter again. Finally, the hard limited seeds are loaded as a one or a zero into the PN sequence generator, depending on whether they are greater or less than zero.
To generate the local PN sequence from the loaded seeds, the switches are moved to position 'p'. The correlation between the generated local PN sequence and the input signal is performed over
is the chip duration of the PN sequence. The correlation output is then compared to a threshold ! . If the correlation output exceeds the threshold, acquisition is acknowledged and the PN sequence generator continues to operate on its own. If the correlation output is smaller than the threshold, the load logic is instructed to move the switches to position 's' and then the loading operation is repeated.
As accumulation cycle increases, we can expect the effect of the chip diversity. That is, using the seed accumulator improves the signal to noise ratio (SNR) of the hard limiter input. Therefore, a better estimate of the seeds can be loaded to the PN sequence generator, and consequently the overall acquisition performance is enhanced.
III. PERFORMANCE ANALYSIS

A. Mean Acquisition Time
As in [13] , the mean acquisition time of the proposed SASE scheme can be derived by the generating function flow graph technique. The generating function flow graph of the proposed SASE scheme is shown in Fig. 2. In Fig. 2,   " # is the correct chip probability in the # -th period (hence, " # is the probability of correctly estimating¨consecu-tive chip sequences in the # th period), " % $ is the detection probability,
is the false alarm probability, and 
After some algebra, the mean acquisition time
of the SASE scheme can be obtained as
where l is the examination time (which is equal to of the SE scheme can be obtained as [13] 
B. Correct Chip, Detection, and False Alarm Probabilities
In the takes on +1 and -1 with equal probability, and b are zero-mean independent and identically distributed Gaussian random variables with variance . Here, E § ¡ ¢£ ¤ is the variance of the input signal in Fig. 1 .
The correct chip probability 
where
is the variance of the correlation output and ÿ is the correlation length (which is equal to ¦ í õ § in this paper). From (6), the detection probability is obtained as¨¡ 
From (8), the false alarm probability can be obtained as 
IV. NUMERICAL RESULTS AND DISCUSSION
In this section, we compare the mean acquisition time performance of the SASE scheme with that of the conventional SE scheme. In evaluating the performance, we consider PN sequences (m sequences) of period =32767, 1023, 511, and 255 generated from the primitive polynomials
, and , the SASE scheme yields improvements of roughly 5-3000 times in terms of the mean acquisition time over the SE scheme. In addition, we can also see that the improvements become much larger as the period of PN sequence and the penalty factor A increases. These observations indicate the SASE scheme (unlike the SE scheme which works well only at moderate SNR's) can be applied in the future CDMA environment, where the period of the PN sequence is very long and the SNR is very low. 
V. CONCLUSION
In this paper, an SASE scheme has been proposed based on accumulating seeds of the received PN sequence. The performance of the proposed SASE scheme has been analyzed: the mean acquisition time of the SASE has been derived by the generating function flow graph technique and the correct chip, detection, and false alarm probabilities have been obtained. The performance of the proposed SASE scheme has been compared with that of the conventional SE scheme. From the results, it has been observed that the proposed SASE scheme dramatically outperforms the conventional SE scheme at low SNR's and the improvement becomes larger as the period of PN sequence increases.
The analysis and results in this work can be directly applied to the CDMA mobile terminal of low-earth orbit (LEO) satellite systems (whose main disturbance is AWGN). Although there exist other interferences like fading in the ground-based CDMA terminal, some simple modification of this scheme (e.g., accumulation of not seeds but phase difference of seeds) would alleviate such problems. These investigations will be addressed in future works by the authors.
